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We  report  the  results  of  an  experimental  study  of  the  effects  of  velocity- changing  collisions 
on  two-photon  and  stepwise  absorption  lineshapes.  Excitation  spectra  for  the 

r7  I '  n 

3Svs  ■“*  ”*  4D3/2  transitions  of  sodium  atoms  undergoing  collisions  with  foreign  gas 

perturbers  are  obtained.  These  spectra  are  obtained  with  two  cw  dye  lasers.  One  laser,  the 

r  r> 

pump  laser,  is  tuned  1.6  GHz  below  the  35/^,  —  3 P^,  transition  frequency  and  excites  a 
nonthermal  longitudinal  velocity  distribution  of  excited  3 P?k  atoms  in  vapor.  Absorption  of 
the  second  (probe)  laser  is  used  to  monitor  the  steady  state  excited  state  distribution  which 

frWJrM  «f 

is  a  result  of  collisions  with  rare  gas  atoms.  The  spectra  are  obtained  witlrvarious^He,  Ne, 

and  Kr  gases  and  are  fit  to  a  theoretical  model  which  utilizes  either  the  phenomenological 

'\j2s 

Keilson-Sto/cr  or  the  classical  hard  sphere  collision  kernel.  The  theoretical  model  includes 
the  effects  of  collisionally  aided  excitation  of  the  3/j [vy  state  as  will  as  effects  due  to  fine- 
structure  state-changing  collisions.  Although  both  kernels  are  found  to  predict  lineshapes 
which  are  in  reasonable  agreement  with  the  experimental  results,  the  hard  sphere  kernel  is  — r  ^  . 
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of  atoms  which  have  the  correct  velocity  so  as  to  be  Doppler  shifted  into  resonance 


as  in  our  experiment. 

The  effect  of  fine-structure  state-changing  collisions  introduces  additional  com¬ 
plexities.  First,  it  modifies  the  power  broadening  of  the  1  < — *  2  transition;  second,  it  may 
modify  the  velocity-changing  process:  and  finally,  it  decreases  the  effective  excitation  of 
state  2  since  atoms  are  transferred  from  the  3Pyj  to  the  3Pj^j  state.  To  minimize  the 


fe»:u:e  is  the  collision-induced  signal  and,  as  discussed  earlier,  is  composed  or  velocity-  The  only  remaining  parameter  to  be  determined  is  the  velocity-changing  collision 

changed'  atoms  and  atoms  excited  via  phase-intemjpting  collisions.  This  feature  is  not  cross-section.  We  obtain  values  for  these  cross-sections  at  each  perturber  pressure  by  fitting 


1.6  GHz.  The  solid  (open)  circles  show  the  theoretical  fit 'obtained  using  the 

.  PAi}*  LS  3 AST  QUALITY  PMJtfTif-aKfr* 

hard-sphere  (Keilson-Stfirer)  collision  kernel.  FROM  OOf  Y  Jiisiljt.  lu  joc 
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